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ABSTRACT
We have found the atomic gas (H I) reservoirs of the blue ultra diffuse galaxy (UDG) candidates identified by Ro´man
and Trujillo in images near Hickson Compact Groups (HCGs). We confirm that all of the objects are indeed UDGs
with effective radii Re > 1.5 kpc. Three of them are likely to be gravitationally bound to the HCG near which they
project, one is plausibly gravitationally bound to the nearest HCG, and one is in the background. We measure H I
masses and velocity widths for each object directly from the spectra, and use the widths together with the UDG
effective radii to estimate dynamical masses and halo spin parameters. The location of the blue UDGs in the H I mass
– stellar mass plane is consistent with that of the broader gas-rich galaxy population, and both their H I masses and
gas richnesses are correlated with their effective radii. The blue UDGs appear to be low-mass objects with high-spin
halos, although their properties are not as extreme as those of the faintest diffuse objects found in H I searches. The
data presented here highlight the potential of single-dish radio observations for measuring the physical properties of
blue diffuse objects detected in the optical.
Keywords: galaxies: distances and redshifts — galaxies: fundamental parameters — galaxies: ISM —
radio lines: galaxies
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1. INTRODUCTION
Deep imaging campaigns with both small and large-
aperture optical telescopes (e.g. Abraham & van Dokkum
2014; Trujillo & Fliri 2016) have re-invigorated stud-
ies of the low surface brightness (LSB) galaxy pop-
ulation (e.g. Impey et al. 1988; Bothun et al. 1991;
O’Neil & Bothun 2000). Among the more extreme ob-
jects revealed are the ultra diffuse galaxies (UDGs),
a population of red (g − i ∼ 0.8), faint (µg(0) &
24mag arcsec−2) and extended (Re & 1.5 kpc) objects
in groups and clusters (e.g. van Dokkum et al. 2015;
Koda et al. 2015; Yagi et al. 2016; van der Burg et al.
2016, 2017). Since their faintness makes optical spectro-
scopic follow-up expensive, very few distances or dynam-
ical masses for UDGs have been obtained (Beasley et al.
2016; van Dokkum et al. 2016, 2017; Kadowaki et al.
2017). Nonetheless, a variety of observations sug-
gest that UDGs consist mostly of LSB dwarf galax-
ies (Beasley & Trujillo 2016; Amorisco & Loeb 2016;
Sifo´n et al. 2017) with an extreme tail of more massive
systems (van Dokkum et al. 2016, 2017; Zaritsky 2017).
Optical searches have also revealed populations of blue
diffuse objects (James et al. 2015; Roma´n & Trujillo
2017; Shi et al. 2017), while some previously known gas-
rich dwarf irregular and LSB galaxies also meet the UDG
size and surface brightness criteria (Yagi et al. 2016;
Bellazzini et al. 2017; Trujillo et al. 2017). Searches for
diffuse stellar counterparts to H I-detected sources have
borne fruit as well: Leisman et al. (2017) identify H I-
bearing ultra diffuse sources (HUDs) in the ALFALFA
70% catalog (Giovanelli et al. 2005) with similar opti-
cal properties to UDGs save for their blue colors. The
HUDs appear to be dwarf galaxies embedded in high
spin halos.
There may well be an evolutionary connection be-
tween diffuse star-forming field objects and red UDGs,
with the former being stripped and quenched upon
cluster/group infall to resemble the latter. A vari-
ety of models posit that the progenitors of red UDGs
represent the high-spin tail of the field galaxy pop-
ulation (Yozin & Bekki 2015; Amorisco & Loeb 2016;
Rong et al. 2017). On the other hand, Di Cintio et al.
(2017) argue that the progenitors are dwarf galaxies that
have undergone multiple episodes of gas outflows from
star formation, producing a correlation between effective
radius and gas richness in these objects. The physical
properties of diffuse blue objects therefore place impor-
tant constraints on the origin of their red counterparts.
At the same time, the gas reservoirs of star-forming low
surface brightness objects provide an avenue for measur-
ing distances and internal kinematics through the H I
spectral line (e.g. Papastergis et al. 2017).
Table 1. Properties of H I spectra
Name (α, δ) Instr. δV σδV SNR
(J2000 deg) (kms−1) (mJy)
(1) (2) (3) (4) (5) (6)
UDG-B1 (50.09, -1.17) GBT 10 1.2 15.2
VLA 21.5 0.6 9.2
UDG-B2 (09.60, +1.11) GBT 10 0.6 9.0
UDG-B3 (49.96, -0.86) GBT 10 0.8 10.8
UDG-B4 (09.89, +1.12) GBT 20 0.4 4.9
UDG-B5 (09.97, +0.38) GBT 20 1.4 5.8
Note—col. (1): name of blue UDG candidate along spectrum
LOS, following convention of RT17. col. (2): position of optical
feature from RT17. col. (3): for UDG-B1, source of spectrum.
cols. (4) and (5): RMS noise σδV at spectral resolution δV of
spectrum along the LOS in col. (2) and shown in Fig. 1. col.
(6): peak signal to RMS noise of feature in spectrum shown in
Fig. 1.
Roma´n & Trujillo (2017, hereafter RT17) search for
UDGs in SDSS Stripe 82 imaging near Hickson Compact
Groups (HCGs, Hickson 1982), uncovering nine objects
around HCG07 and HCG25 that satisfy the UDG size
and surface brightness criteria. Four of them are red
and project within ∼ 250 kpc of the nearest HCG, and
the remaining five are blue and project to larger group-
centric distances. Passive evolutionary models applied
to the blue UDG candidates produce properties that are
broadly consistent with the red ones, suggesting a con-
nection between them. A first step in exploring that
connection, however, is to confirm a physical associa-
tion between the blue UDG candidates and HCGs as
well as to measure their basic physical properties.
We have detected the H I reservoirs of the blue UDG
candidates identified by RT17 with the Robert C. Byrd
Green Bank Telescope (GBT), confirming that they are
indeed UDGs with Re > 1.5 kpc. We describe the data
acquisition and reduction in §2. Our methods for deriv-
ing distances and H Imasses as well as for estimating dy-
namical masses and halo spin parameters are explained
in §3, where we also compare the blue UDG properties to
those of other gas-rich galaxy populations. We describe
the implications of our measurements for the structure
and evolution of UDGs in §4.
Throughout, we assume distances to HCG07 and
HCG25 of 59Mpc and 88Mpc, respectively, con-
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Figure 1. H I detections along the line-of-sight to a) UDG-B1, b) UDG-B2, c) UDG-B3, d) UDG-B4, e) UDG-B5. The RMS
noise, spectral resolution and signal-to-noise of each spectrum are given in Table 1. For UDG-B1 in panel a), the GBT spectrum
is indicated by the dashed black line, and the VLA spectrum is given by the solid blue line. We use the VLA spectrum in our
analysis (see text).
sistent with their recessional velocities and H0 =
70 km s−1Mpc−1.
2. OBSERVATIONS AND DATA REDUCTION
We obtained five hours of director’s discretionary
time on the GBT on 2016 December 28-30 (program
AGBT16B-424) to carry out position-switched H I ob-
servations of the blue UDG candidates reported by
RT17. We used the Versatile GBT Astronomical Spec-
trometer (VEGAS) with a bandpass of 100MHz and
3.1 kHz channels, tuned to search for H I at heliocentric
recessional velocities in the range 1000km s−1 ≤ V⊙ ≤
21000km s−1 along the line of sight (LOS) to each UDG
candidate and at several reference locations.
Integration times (divided equally between signal and
reference locations) for each object were determined by
predicting its characteristic H I mass MHI and velocity
width using the stellar masses M∗ computed by RT17
and the scaling relations of Bradford et al. (2015) for
gas-rich field dwarfs. Given our wide bandpass and the
distance independence of the ratio MHI/M∗ for a fea-
ture of fixed spectral width, our observations are sen-
sitive to gas-rich objects in both the foreground and
background of the HCG near which each UDG candi-
date projects on the sky. The 9.1′ full-width at half-
maximum (FWHM) of the GBT at ν ∼ 1.4GHz well
exceeds the half-light stellar diameters of the UDG can-
didates, and we therefore expect any H I therein to be
detected by a single pointing.
The data were reduced using the standard GBTIDL1
routine getps. We then smoothed the data to different
resolutions in the range 10 − 50 km s−1 and examined
the resulting spectra for statistically significant emis-
sion. We find only one clear H I detection along each
LOS. These detections are shown in Fig. 1, with the
RMS noise σδV at the resolution δV of each spectrum
in the figure given in Table 1. We also list the ratio of
the peak signal to RMS noise for each feature in Table 1,
though its statistical significance is much higher because
the emission spans several independent channels.
The spectrum along the LOS to UDG-B1 is much
broader and brighter than that of the other targets. It is
also the LOS that projects closest to gas-rich HCG 25,
raising the possibility of contamination from its bright-
est group members. We therefore search for emission
at the location of UDG-B1 in the 70′′×50′′-FWHM
Very Large Array (VLA) maps of HCG 25 presented by
Borthakur et al. (2010). We find spatially unresolved
H I emission at that location (see Table 1), and the
corresponding primary beam-corrected VLA spectrum
is presented in Fig. 1a). Compared to our GBT spec-
1 http://gbtidl.nrao.edu/
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trum, that from the higher angular resolution VLA is
much fainter and narrower. We conclude that the GBT
spectrum along that LOS therefore includes a signifi-
cant contribution from the other HCG 25 group mem-
bers, and we adopt the VLA spectrum in the analysis of
UDG-B1 that follows.
The spectra along the LOS to the blue UDG candi-
dates have shapes characteristic of gas-rich dwarf galax-
ies, and all but UDG-B1 show hints the double-horned
profile expected for a rotating gas-rich disk galaxy (e.g.
Giovanelli & Haynes 1988); this is not unexpected given
the lower spectral resolution of the VLA data (Table 1).
Our detections strongly suggest that we have found the
H I reservoirs of the blue UDG candidates. For UDG-
B1, the spectrum that we extract from the VLA maps
is spatially coincident with the optical feature, and its
systemic velocity (§3.1) differs from the SDSS DR13
(SDSS Collaboration et al. 2016) spectroscopic redshift
by only 10 km s−1 (∼ 2σ). For UDG-B3, the systemic
velocity that we measure is identical within uncertain-
ties to its SDSS DR13 redshift. We searched SDSS imag-
ing and catalogs for potentially gas-rich galaxies within
10′(∼ 2 GBT beam radii) of the targeted sky position
for the other sources that could produce an H I spec-
trum consistent with that observed, and find none. We
therefore conclude that all of our detections are the H I
counterparts to the blue UDG candidates identified by
RT17.
The distances implied by the centroids of the H I spec-
tra in Fig. 1 confirm that they all have effective radii
Re > 1.5 kpc as suggested by RT17 (see §3.2). The
candidates are therefore UDGs according to the size cri-
terion of van Dokkum et al. (2015), and we henceforth
refer to them as such.
3. H I PROPERTIES OF THE BLUE UDGS
We compute a variety of properties of the blue UDGs
from the H I spectra presented in §2, and list the results
in Table 2. We focus first on distance-independent quan-
tities that we derive directly from the profiles (§3.1).
We then assign a distance to each candidate by com-
paring its systemic velocity to that of the nearest HCG
(§3.2), and use it to compute distance-dependent prop-
erties (§3.3).
3.1. Distance-independent quantities
Table 2 presents the heliocentric systemic velocity
Vsys and the velocity width W50 measured for each of
the H I detections. We follow the method detailed by
Springob et al. (2005) to derive these quantities, fitting
a polynomial between 15% and 85% of the peak value fp
of each profile edge minus the spectral RMS noise σδV
Figure 2. Distribution of W50 for the blue UDGs (blue
histogram), the HUDs-B (red histogram) and HUDs-R (yel-
low histogram) samples of H I-bearing ultra diffuse sources
from Leisman et al. (2017), and code 1 detections in 40%
ALFALFA catalog (unfilled histogram; Haynes et al. 2011).
from Table 1. We define Vsys to be the mean of the poly-
nomial fit velocities at the 50% flux level of each edge
(f = 0.5[fp−σδV ]). W50 is the difference between these
values, corrected for instrumental broadening and cos-
mological redshift but not for turbulent motions or in-
clination. As in Springob et al. (2005), uncertainties on
W50 are dominated by that in the instrumental broad-
ening correction, which we take to be 30% for spectral
resolutions δV < 11 km s−1 and 50% otherwise.
Fig. 2 compares the distribution of W50 for the blue
UDGs to that of the “broad” HUDs-B and “restricted”
HUDs-R samples of H I-bearing ultra-diffuse sources
reported by Leisman et al. (2017), as well as to code
1 sources in the ALFALFA 40% catalog (Haynes et al.
2011). The values of W50 for the blue UDGs are gener-
ally commensurate with the HUDs-B distribution, and
intermediate to the bulk of the HUDs-R sample and the
ALFALFA population. This suggests that their dynam-
ical masses are intermediate to typical values for these
two samples as well, though a direct physical interpre-
tation is muddled by the lack of disk inclination or gas
turbulence corrections to W50. We estimate dynamical
masses for the blue UDGs in §3.3.
The integrated line flux
∫
Sdv of each detection is also
given in Table 2, where the uncertainty is dominated by
the statistical error in the integral. We use this quantity
to compute H I masses in §3.3.
3.2. Distances
With Vsys measurements in-hand, we proceed to as-
sign distances D to each blue UDG. To do this, we com-
pare the measured Vsys to the mean systemic velocity
Vsys,HCG of the HCG near which each system projects
in order to assess the likelihood that it is gravitationally
bound to the group.
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Table 2. Properties of H I Detections
Name Vsys W50
∫
Sdv D HCG log(MHI) log(M∗) Re M
3Re
dyn λ
(km s−1) (km s−1) (Jy km s−1) (Mpc) (log[M⊙]) (log[M⊙]) (kpc) (10
9 M⊙)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
UDG-B1a 6440 ± 5 50± 10 0.6± 0.1 88 HCG25 9.1+0.1
−0.1 8.34
+0.06
−0.06 3.7± 0.4 ∼ 3 ∼ 0.2
UDG-B3 6533 ± 1 52± 2 0.41± 0.05 88 HCG25 8.88+0.06−0.07 8.53+0.06−0.06 3.2± 0.3 ∼ 3 ∼ 0.2
UDG-B4 4168 ± 3 58± 5 0.09± 0.03 59 HCG07 7.9+0.1−0.2 7.85+0.06−0.07 1.7± 0.2 ∼ 2 ∼ 0.08
UDG-B5 4229 ± 3 73± 5 0.5± 0.1 59 HCG07 8.6+0.1−0.2 8.34+0.06−0.06 3.1± 0.3 ∼ 6 ∼ 0.1
UDG-B2 5873 ± 1 110± 2 0.54± 0.05 82 · · · 8.93+0.05−0.06 8.06+0.07−0.08 2.8± 0.3 ∼ 10 ∼ 0.05
Note—col. (2): heliocentric systemic velocity of H I detection. col. (3): velocity width at 50% of the H I profile peak,
corrected for cosmological redshift and for instrumental broadening using the relations of Springob et al. (2005). col.
(4): integrated line flux. col. (5): adopted distance to each detection. col. (6): Hickson Compact Group to which
detection likely belongs. col. (7): H I mass, computed using Eq. 1 with
∫
Sdv in col. (4) and D in col. (5). col. (8):
stellar mass from RT17, adjusted to D in col. (5). col. (9): Effective radius from RT17, adjusted to D in col. (5). cols.
(10) and (11): dynamical mass and spin parameter estimator computed using Eqs. 2 and 3, respectively, with W50 in
col. (3) and Re in col. (9).
a) For UDG-BI, H I properties are calculated using the VLA spectrum in Fig. 1.
Fig. 3 plots relative recessional velocity as a func-
tion of HCG-centric distance rHCG (assuming D to
be equal to that of the nearest HCG) for all galax-
ies with SDSS DR13 spectroscopic redshifts that fall
within rHCG = 1Mpc and ∆Vsys = 1000 km s
−1 of the
sky coordinates and systemic velocities of HCG07 (blue
circles) and HCG25 (red triangles). For consistency,
we use SDSS DR13 redshifts of confirmed group mem-
bers (filled circles and triangles; Hickson et al. 1992;
Konstantopoulos et al. 2010) to compute Vsys,HCG for
each HCG. This value then defines ∆V =
√
3(Vsys −
Vsys,HCG) = 0 km s
−1 in Fig. 3, where the factor of
√
3
statistically corrects from line-of-sight to 3D space ve-
locities.
In Fig. 3, the red dashed and blue solid lines corre-
spond to the escape velocities Vesc(r) of point masses
with M = 1 × 1012M⊙ and M = 7 × 1011M⊙ as ap-
propriate for the halos of HCG07 and HCG25, respec-
tively (RT17; Munari et al. 2013). The stars show the
locations of UDG-B1 and UDG-B3 (which project near
HCG25) as well as UDG-B4 and UDG-B5 (which project
near HCG07). The upward arrow shows rHCG for B2
(which projects near HCG07), whose ∆V places it well
above the plot area.
Fig. 3 illustrates that UDG-B1, UDG-B4 and UDG-
B5 all have |∆V | < Vesc(rHCG), and as such are likely to
be gravitationally bound to the nearest HCG. We there-
fore set D = DHCG25 for UDG-B1 and D = DHCG07
for UDG-B4 and UDG-B5. On the other hand, ∆V >>
Vesc(rHCG) for UDG-B2; it is therefore not physically
associated with HCG07. We use the flow model of
Mould et al. (2000) and H0 = 70 km s
−1Mpc−1 to com-
pute a distance D = 82Mpc, which places it in the back-
ground of HCG07 by ∼ 20Mpc.
The situation is less clear for UDG-B3: while |∆V | >
Vesc(rHCG) and ∆V < 0 could imply that it is a fore-
ground object, it is also true that Vsys − Vsys,HCG ∼
Vesc(rHCG). In other words, UDG-B3 could be gravi-
tationally bound to HCG25 if its line-of-sight velocity
is much larger than its tangential velocity relative to
the group. We assume that this is the case and set
D = DHCG25 for UDG-B3, although none of our conclu-
sions change if we instead assign a flow model distance
to this system.
3.3. Distance-dependent quantities
With the distance to each blue UDG established, we
proceed to compute distance-dependent quantities. The
H I mass MHI for each system is given by the standard
relation
MHI = 2.356× 105D2
∫
Sdv M⊙ (1)
for optically thin gas, where D is in Mpc and
∫
Sdv is in
Jy km s−1. We adopt a distance uncertainty of 5Mpc,
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Figure 3. Relative velocities as a function of HCG-centric distance for galaxies with rHCG < 1Mpc (at the group distance)
and ∆Vsys < 1000 km s
−1 for HCG07 (blue) and HCG25 (red). Blue circles and red triangles show galaxies with measured
velocities near HCG07 and HCG25, respectively, and filled symbols show galaxies used to compute the HCG recessional velocity
that corresponds to the horizontal black dotted line at ∆V =
√
3(Vsys − Vsys,HCG) = 0 km s−1. The blue solid lines and red
dashed lines correspond to the escape velocities of point masses with M = 1 × 1012 M⊙ and M = 7× 1011 M⊙ appropriate for
HCG07 and HCG25, respectively. The stars show the locations of UDG-B1, UDG-B3, UDG-B4 and UDG-B5, and an upward
arrow shows rHCG for B2, whose ∆V places it well beyond the plot area.
adding in quadrature with the (dominant) uncertainties
on
∫
Sdv. The resulting values of log(MHI) are given in
Table 2, along with the stellar masses log(M∗) reported
by RT17 and adjusted to our adopted D.
Fig. 4 plots MHI as a function of M∗ for the blue
UDGs. For comparison, galaxies in the 40% AL-
FALFA catalog with overlapping SDSS and GALEX
coverage that were analyzed by Huang et al. (2012)
are shown in grey, galaxies from the Leisman et al.
(2017) HUDs-BG sample (the subset of HUDs-B galax-
ies that are in the Huang et al. 2012 sample) are shown
in red, and the blue field UDGs identified by Yagi et al.
(2016) and Bellazzini et al. (2017) with estimates of
both MHI and M∗ in the literature (SdI-1, SdI-2,
UGC 2162, UGC 5493, UGC 9024, CGCG 018-057,
DDO 87, DDO 143, Malin 1; Hunter & Gallagher 1985;
Bottinelli et al. 1990; Pickering et al. 1997; Burkholder et al.
2001; Springob et al. 2005; Cook et al. 2014; Chang et al.
2015; Mun˜oz-Mateos et al. 2015; Papastergis et al.
2017; Trujillo et al. 2017) are shown in magenta.
We find that the blue UDGs broadly overlap with the
ALFALFA 40% population in the MHI – M∗ plane, as
does the field UDG sample. There is also some over-
lap between the blue UDGs and the HUDs-BG sample
for log(M∗) & 7.8, although the former span a larger
range in MHI than the latter. This is in part a se-
lection effect caused by the minimum distance imposed
by Leisman et al. (2017) during their search of the AL-
FALFA 70% catalog.
We list Re from RT17 for the blue UDGs adjusted to
our adopted D in Table 2, and plot MHI and the gas
richnessMHI/M∗ as a function of Re in Fig. 5. Systems
with larger Re have larger MHI and are more gas-rich,
although the correlations are driven largely by the prop-
erties of UDG-B4 relative to the other systems.
We use Re along with W50 to estimate dynamical
masses for the blue UDGs. Starting from the canon-
ical relation M = rV 2/G for a spherically symmetric
system, we assume that the H I distribution extends to
r = 3Re (Broeils & Rhee 1997) and that the rotation
velocity at that radius is V (3Re) =W50/(2 sin i), where
i is the inclination of the H I disk. For simplicity we as-
sume i = 45◦, which is broadly consistent with the pho-
tometric ellipticities measured by RT17. The dynamical
mass M3Redyn , measured within 3Re, is then given by:
M3Redyn = 3.5× 105ReW 250 M⊙, (2)
where Re is measured in kpc and W50 is measured in
km s−1. We emphasize that, given the assumptions re-
garding the H I disk extent and the relationship between
W50 and Vrot inherent in Eq. 2, M
3Re
dyn computed for the
blue UDGs and given in Table 2 should be considered
as estimates. The dynamical masses of the blue UDGs
span a similar range (∼ 0.7 dex) to their stellar masses,
implying that they are dwarf galaxies.
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Figure 4. Relationship between HI mass and stellar mass
for the blue UDGs (blue circles), galaxies in the 40% AL-
FALFA catalog with overlapping SDSS and GALEX cover-
age (Huang et al. 2012, grey points), the HUDs-BG sam-
ple of H I-bearing ultra diffuse sources from Leisman et al.
(2017, red squares), and the subset of known field UDGs with
estimates of MHI and M∗ available in the literature.
To gain some insight into the dark matter halos
inside which the UDGs may be embedded, we fol-
low Huang et al. (2012) and Leisman et al. (2017)
and compute the halo spin parameter estimator from
Hernandez et al. (2007). The estimator assumes that
galaxies are embedded in self-gravitating, virialized,
isothermal dark matter halos that dominate the poten-
tial, and that each one has a flat rotation curve with
amplitude Vrot, an exponential disk with scale-length
Rd, and a disk mass fraction M∗/Mtotal = 0.04:
λ = 21.8
Rd
V
3/2
rot
= 21.8
Re
W50
3/2
, (3)
where the second equality results from converting Rd to
Re for an exponential disk and assuming that W50 =
2Vrot sin i with i = 45
◦. While RT17 allow Se´rsic n to
vary in their photometric models, the best fitting profiles
are almost all consistent with n = 1 and thus suitable
for Eq. 3. The resulting values of λ for the blue UDGs
are in Table 2.
We note that even if the numerous assumptions under-
lying Eq. 3 are correct, the statistical uncertainties on λ
are large and the values listed in Table 2 should be inter-
preted with caution (c.f. Leisman et al. 2017). Nonethe-
less, they enable comparisons with other samples in
which λ is computed in the same way. Fig. 6 presents
Figure 5. Relationship between effective radius and a) H I
mass, and b) gas richness MHI/M∗ for blue UDGs.
that comparison, plotting P (λ)dλ for the blue UDGs,
that for the “broad” HUDs-B and “restricted” HUDs-
R samples reported by Leisman et al. (2017), as well as
the best-fitting lognormal distribution for the ALFALFA
40% sample computed using Eq. 3 (Huang et al. 2012).
The small number of blue UDGs and the large un-
certainties on λ imply that standard statistical tests
comparing the distributions in Fig. 6 cannot reliably
be applied. We instead employ a simpler metric, ran-
domly drawing 106 blue UDG-sized samples from the
HUDs-R, HUDs-B and ALFALFA P (λ)dλ and compar-
ing their mean values to that obtained for the blue
UDGs. We find that > 99% of the time, the mean
λ of a randomly drawn subset of the HUDs-R (AL-
FALFA) P (λ)dλ is larger (smaller) than that of the blue
UDGs, even when the blue UDG with the least extreme
value relative to that distribution is dropped. On the
other hand, randomly-drawn subsamples of the HUDs-
B P (λ)dλ have larger mean values than the blue UDG
sample ∼ 40% of the time. This suggests that λ for the
blue UDGs are more extreme than those estimated for
ALFALFA but less extreme than those from the HUDs-
R sample. Instead, they are consistent with being drawn
from the HUDs-B sample.
4. DISCUSSION AND CONCLUSIONS
We have found the H I reservoirs of the five blue UDG
candidates around HCG07 and HCG25 that were iden-
tified by RT17 in optical images. We confirm that all
of these objects are indeed UDGs with Re > 1.5 kpc
(Fig. 1). Their systemic velocities imply that three of
the five UDGs (UDG-B1, UDG-B4 and UDG-B5) are
likely to be gravitationally bound to the HCG near
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Figure 6. Spin parameter estimator probability distribu-
tion P (λ)dλ for the blue UDGs (blue histogram) as well
as the HUDs-B (red histogram) and HUDs-R (yellow his-
togram) samples of H I-bearing ultra diffuse sources from
Leisman et al. (2017). The best-fitting log-normal func-
tion to the ALFALFA 40% sample analyzed by Huang et al.
(2012) is shown in black. All spins are computed using the
estimator in Eq. 3.
which they project, that one (UDG-B3) is plausibly
gravitationally bound to HCG25 and that one (UDG-
B2) is in the background of HCG07 (Fig. 3).
We use the integrated fluxes, line widths and distances
measured from the H I spectra together with the ef-
fective radii reported by RT17 to compute H I masses
and estimate dynamical masses and spin parameters for
the blue UDGs (Table 2). We find that their location
in the MHI–M∗ plane is broadly consistent with that
of the gas-rich galaxy population probed by ALFALFA
(Huang et al. 2012), as well as with other gas-rich UDGs
from the literature (Fig. 4). The H I masses and gas
fractions of the blue UDGs correlate with their effective
radii (Fig. 5). The distribution of their spin parame-
ter estimators appear to be more extreme than those
of the broader ALFALFA population, but less so than
the “restricted” HUDs-R sample of H I-selected systems
from (Leisman et al. 2017): the latter tend to have nar-
rower velocity widths, higher gas fractions and larger
spins than the blue UDGs (Figs. 2, 4 and 6).
Our measures ofW50 andMHI as well as our estimates
ofM3Redyn suggest that the blue UDGs are dwarf galaxies,
reminiscent of the low-mass systems thought to make up
the bulk of the red UDG population (Beasley & Trujillo
2016; Amorisco & Loeb 2016; Sifo´n et al. 2017). Com-
bined with their elevated spins relative to the gas-
rich galaxy population probed by ALFALFA, the blue
UDGs share similar properties to the H I-selected HUDs
(Leisman et al. 2017). Nonetheless, the blue UDG gas
contents and spins are not as extreme as those of
the HUDs-R sample; these differences suggest that, as
cautioned by Leisman et al. (2017), H I and optical
searches may probe different subsets of the LSB galaxy
population. We emphasize again that the dynamical
masses and halo spin parameter estimators used here
are only rough approximations. More reliable mea-
sures can be obtained when the H I distribution is re-
solved (Hallenbeck et al. 2014); among the objects stud-
ied here, only UDG-B1 is a feasible target for higher-
resolution interferometric follow-up than presented by
Borthakur et al. (2010) and used here in order to ob-
tain the required H I maps.
If the blue UDGs that we confirm to have similar dis-
tances to HCG07 and HCG25 do indeed resemble the
progenitors of the red UDGs therein, then what con-
straints do our observations place on models for their
origin? The low masses of the blue UDGs as well as the
correlation between their effective radii and their H I
masses and gas richnesses appear to be consistent with
the dwarf galaxy simulations of Di Cintio et al. (2017).
This model also predicts that, relative to gas-rich galax-
ies with similar M∗, the blue UDGs should have an ex-
cess of H I but similar halo spins. Instead, our obser-
vations suggest that the blue UDGs occupy a similar
location in the MHI–M∗ plane as the gas-rich galaxy
population but have elevated halo spins, as predicted
by other UDG formation models (Yozin & Bekki 2015;
Amorisco & Loeb 2016; Rong et al. 2017). It is of course
possible that several mechanisms contribute to the for-
mation of UDGs, and that those proposed so far are
effective for different subsets of the progenitor popula-
tion.
The data presented here highlight the potential of
single-dish radio telescopes for measuring distances and
masses for UDGs identified in the optical, although
some care is required to avoid contamination from ob-
jects that fall within their relatively broad FWHMs (c.f.
UDG-B1). By definition, stellar kinematics of UDGs
are expensive to obtain: several hours on 8m-class tele-
scopes are required to secure redshifts for individual ob-
jects (van Dokkum et al. 2015; Kadowaki et al. 2017),
and building up sufficient sensitivity to measure a spec-
tral width requires several nights (van Dokkum et al.
2016, 2017). Such extreme measures are necessary to
probe the internal kinematics of gas-poor objects, but
the outlook is significantly better for relatively isolated
gas-rich ones for which redshifts, H I masses and ve-
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locity widths can sometimes be obtained in minutes
(Papastergis et al. 2017, this work). Single-dish follow-
up is therefore a promising gateway to measuring the
physical properties of large samples of UDGs.
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